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FURTHER INVESTIGATIONS OF THE COMPLEX EFFECT OF I O N I Z E D  RADIATION AND ACCE- 1 *  
LERATIONS ON THE ORGANISM AS RELATED TO SPACE FLIGHTS 

V.V. Antipov, B.I. Davydov, E.F. Panchenko, P.P. Saksonov 

I n  connection wi th  t h e  development and u s e  of a system of measures 
t o  provide s a f e t y  aga ins t  r a d i a t i o n  during space  f l i g h t s ,  t h e r e  has  been 
heightened i n t e r e s t  r e c e n t l y  i n  t h e  study of j u s t i f i c a t i o n  of permiss ib le  
doses of i on iz ing  r a d i a t i o n  f o r  t h e  crew members of space s h i p s .  

A s  w e  know, t h e  magnitude of permiss ib le  dosage, t h e  c r i t e r i o n  
of r a d i a t i o n  danger,  has  a s p e c i f i c  in f luence  on t h e  design of t h e  s h i p ,  
f l i g h t  program, i t  r e g u l a t e s  t h e  use  of r a d i a t i o n  p r o t e c t i v e  means, etc. 
Therefore  i t  i s  understandable  t h a t  r a d i o b i o l o g i s t s  s t r i v e  t o  s u b s t a n t i a t e  
comprehensively t h e  recommended i r r a d i a t i o n  doses ,  wi th  maximum considera- 
t i o n  of space f l i g h t  s p e c i f i c s .  

W t  t h e  p re sen t  t i m e  a number of au thors  (G.M. Frank, P.P. Saksonov, 
V.V. Antipov, N.N. Dobrov, 1962; V.V. Antipov, N.N. Dobrov, P.P. Saksonov, 
1964; Yu.G. Grigor 'yev, Ye.Ye. Kovalev, A.V. Lebedinskoy e t  a l ,  1965; and 
o t h e r s )  propose var ious  permiss ib le  l e v e l s  of i r r a d i a t i o n  f o r  t h e  crew 
of space s h i p s  i n  b r i e f  and prolonged f l i g h t s .  The recommendations made 
i n  t h e s e  works, i n  s p i t e  of t h e i r  d i f f e rences ,  stress two very  important 
c i rcumstances.  F i r s t ,  determinat ion [ s u b s t a n t i a t i o n ]  of recommended 
dosage must be made wi th  due cons idera t ion  of t h e  r a d i a t i o n  cond i t ions ,  
depending on t h e  du ra t ion  of t h e  space f l i g h t .  
pe rmis s ib l e  levels of r a d i a t i o n  must be de f ined ,  and f o r  t h i s  s p e c i a l  
s t u d i e s  must be  made. 
dur ing  prolonged f l i g h t s .  

Second, t h e  proposed 

This app l i e s  f i rs t  .of a l l  t o  t h e  dosage recommended 2 

The problem of eva lua t ing  permiss ib le  i r r a d i a t i o n  doses during ex- 
posure t o  space f l i g h t  f a c t o r s  is presented i n  a new and unusual aspec t .  
I n  determining t h e s e  l e v e l s  i t  is necessary t o  take i n t o  cons idera t ion  t h e  
f a c t  t h a t  t h e  organism is exposed t o  t h e  complex e f f e c t  of r a d i a t i o n  
and o t h e r  f a c t o r s  during space f l i g h t s ,  and consequent ly ,  one must b e  
governed f i r s t  of a l l  by t h e  f a c t  of t o l e r a n c e  of var ious  extreme f a c t o r s  
r e l a t e d  t o  f l i g h t  by t h e  i r r a d i a t e d  organism. 

Along wi th  t h e  s tudy  of t h e  combined e f f e c t  of i on iz ing  r a d i a t i o n ,  
and o t h e r  f a c t o r s  of g r e a t  importance i n  t h i s  aspec t  are works d i r e c t e d  
toward de f in ing  and determining the va lues  of RBE [ re la t ive b i o l o g i c a l  
e f f e c t i v e n e s s ]  of each component ofcssmic r a d i a t i o n ,  toward s tudying  
t h e  long range sequelae  of exposure t o  r a d i a t i o n .  

It w a s  demonstrated i n  seve ra l  of ou r  previous r e p o r t s  (V.V. 

*Numbers in the margin indicate pagination in the original  foreign text. 
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Antipov, V . G .  Vysotskiy,  B.I. Davydov e t  a l ,  1963; V.V. Antipov, B . I .  
Davydov, E.F. Panchenkova e t  a l ,  1964;  V.V. P a r i n ,  V.V. Antipov, B.I. Da- 
vydov, E.F Panchenkova, G.A.  Chernov, 1964; V.V. Antipov, B.I. Davydov, 
E.F. Panchenkova, P.P. Saksonov, G.A.  Chernov, 1965, and o t h e r s )  t h a t  t h e  
dynamic f a c t o r s  of f l i g h t  a l ter  s u b s t a n t i a l l y  t h e  organism's r e a c t i o n  t o  
i o n i z i n g  r a d i a t i o n .  And t h e  d i r e c t i o n  and magnitude of t h e  changes are 
r e l a t e d  t o  t h e  n a t u r e  and f o r c e  of t h e  s t imu lus ,  t i m e  and success iveness  
of a c t i o n  of t h e  f a c t o r s ,  form of o b j e c t ,  etc.  It seems t o  us t h a t  t h e  
importance of t h e s e  f a c t s  f o r  s u b s t a n t i a t i o n  of  maximum permiss ib le  ir- 
r a d i a t i o n  levels f o r  cosmonauts i s  obvious. 

The p resen t  r e p o r t  submits da t a  which are a f u r t h e r  development of 
our  s t u d i e s  of t h e  r e a c t i v i t y  of t h e  i r r a d i a t e d  organism and e f f e c t  of 
va r ious  f l i g h t  f a c t o r s .  I n  p a r t i c u l a r ,  an e f f o r t  is  made t o  eva lua te  
t h e  r o l e  of recovery processes  i n  t h e  i r r a d i a t e d  organism i n  i t s  r e a c t i o n  
t o  c r i t i c a l  a c c e l e r a t i o n s .  In addi t ion  some views are expressed regard- 
i ng  t h e  p o s s i b i l i t y ,  i n  p r i n c i p l e ,  of e x t r a p o l a t i n g  experimental  d a t a  on 
man and of ob ta in ing  t e n t a t i v e  d a t a  on permiss ib l e  i r r a d i a t i o n  doses 
eva lua ted  by t h e  c r i t e r i o n  of acce le ra t ion  to l e rance .  

Experiments w e r e  conducted on 1200 a lb ino  mongrel male m i c e  which 
were exposed t o  gamma o r  x-rays i n  doses of 100-4000 (15-18 r/min) r e m *  
[ roentgen equ iva len t ,  man]. 
t h e  animals were submit ted 
(30-50 second rise and drop).  The material and method of i n v e s t i g a t i o n  
are descr ibed  i n  g r e a t e r  d e t a i l  i n  the  works of V . I .  Davydov, V.V. Anti- 
pov, P.P. Saksonov (1965, 1967).  

On t h e  f irst  t o  45th p o s t - i r r a d i a t i o n  day 
f o r  t h ree  minutes t o  a c c e l e r a t i o n s  of 44 g 

L e t  us t u r n  t o  p re sen ta t ion  and d i scuss ion  of t h e  r e s u l t s  obtained.  

Earlier B.I. Davydov (1966) had demonstrated t h a t  animals '  t o l e r a n c e  
t o  a c c e l e r a t i o n s  (44 g)  a t  d i f f e r e n t  p o s t - i r r a d i a t i o n  i n t e r v a l s  w a s  re- 
l a t e d  t o  dosage and could be represented by a hyperbol ic  curve (Figure 1). 
On t h i s  f i g u r e ,  t h e  dots  des igna te  data on t h e  b a s i s  of whkh t h e  curve 
w a s  p l o t t e d .  As seen i n  F igure  1, the segment of t h e  curve,  l < t < 9 ,  
co inc ides  r a t h e r  w e l l  w i th  t h e  experimental  value.  
t o  v e r i f y  t h e  v a l i d i t y  of t h i s  curve f o r  more advanced s t a g e s  of rad ia-  
t i o n  s i c k n e s s ,  as w e l l  as t o  o b t a i n  a d d i t i o n a l  experimental  d a t a  on t h e  
animals '  t o l e rance  during t h e  f i r s t  p o s t - i r r a d i a t i o n  day. The i n i t i a l  I 

t i o n s  a t  a dosage of about 4000 r e m .  
degree of c e r t a i n t y  t h a t  any po in t  i n  t h e  
w i l l  r e f l e c t  
g r e a t e r  o r  equal  t o  t h a t  of t h e  cont ro l .  For example, fol lowing i r r a d i a -  
t i o n  i n  doses of 2000 and 4000 r e m  to l e rance  of a c c e l e r a t i o n s  on t h e  

It w a s  then necessary  
l 

segment of t h e  curve on Figure 1 i m p l i e s  t h a t  t h e  m i c e  t o l e r a t e  accelera- 4 
It may be  considered wi th  some 

hash-marked p a r t  of Figure 1 
to le rance  of acce le ra t ions  by i r r a d i a t e d  animals t h a t  i s  

*0.75 i s  used as t h e  RBE f o r  gamma rays @.P. Yarmonenko, A.G.  Kono- 
plyannikov, 1965). 
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f i r s t  p o s t i r r a d i a t i o n  day should be the  same as i n  t h e  c o n t r o l  o r  some- 
what g r e a t e r .  The s t u d i e s  performed revealed t h a t  i r r a d i a t e d  animals 
presented  g r e a t e r  t o l e r a n c e  of acce le ra t ions  than  c o n t r o l  m i c e :  0.86 and 
0.58 r e s p e c t i v e l y  a t  2000 and 4000 rem. 

4 

Afte r  repea ted  c e n t r i f u g a t i o n  the  dea th  rate among i r r a d i a t e d  
animals w a s  50% a t  2000 r e m  and 70% a t  400 r e m .  
1959) t h a t  t h e  mean s u r v i v a l  of mices a t  doses of 1500-15000 r e m  is  3 .5  
days. A t  doses  over 15000 r e m  t h e  mean s u r v i v a l  t i m e  begins  t o  drop 
r a p i d l y  wi th  i n c r e a s e  i n  i r r a d i a t i o n  dosage. It may be assumed that 
t o l e r a n c e  of a c c e l e r a t i o n s  a t  t<l w i l l  remain w i t h i n  t h e  c o n t r o l  range 
a t  does of 1Q000-15000re~n. 

It i s  known (B. Rzevskiy, 

F igure  1. Dose-time r e l a t i o n  of t o l e rance  of i r r a d i a t e d  mice of 1 4  
a c c e l e r a t i o n s  

Legend : 
9 -- s i n g l e  c e n t r i f u g a t i o n  
A -- twofold c e n t r i f u g a t i o n  b) days a f t e r  i r r a d i a t i o n  (t) 

a) dose *lo3 r e m  

4 
As s t a t e d  above, t h e  cu rve  on Figure 1 w a s  ob ta ined  by determina- 

t i o n  of t h e  th re sho ld  of  t o l e rance  of a c c e l e r a t i o n s  f o r  n i n e  days a f t e r  
i r r a d i a t i o n .  
t h e  curye f o r  t > 9  days a f t e r  i r r a d i a t i o n .  

It w a s  necessary t o  v e r i f y  experimental ly  t h e  segment of 

Animals exposed t o  doses of 100, 200, 350 r e m  were submitted t o  
a c c e l e r a t i o n s  on the 45th day, and those exposed t o  doses of 300 and 500 
rem - on the 16 th  pos t - i r r ad ia t ion  day. 
a t  which t h e  e f f e c t  i n  experimental  animals equa l l ed  t h e  e f f e c t  i n  t h e  

Determination w a s  made of  doses 
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con t ro l .  
t a i n  assumption w a s  made regard ing  l i n e a r  r e l a t i o n  
r e a c t i o n  t o  a c c e l e r a t i o n s  t o  magnitude of i r r a d i a t i o n  doses  i n  t h e  i n t e r -  

vals ,  th is  r e l a t i o n  I func t ion ]  i s  more complex ( B . I .  Davydov, V.V. Anti- 
pov, P.P.  Saksonov, 1965). On the 16 th  and 45th p o s t - i r r a d i a t i o n  days,  
a t  doses of 481 and 150 r e m  to l e rance  of a c c e l e r a t i o n s  corresponded t o  t h e  
con t ro l .  

Of course i n  determining t o l e r a t e d  i r r a d i a t i o n  dosage a cer- 

vals of t e s t e d  doses.  As it is known, a t  earlier p o s t i r r a d i a t i o n  i n t e r -  5 

4 
of t h e  animals '  

Thus the experimental  d a t a  obta ined  i n d i c a t e  t h a t  t h e  degree of 
r e s i s t a n c e  t o  a c c e l e r a t i o n s  w a s  r e l a t e d  t o  i r r a d i a t i o n  dosage. 
l a t i o n  may be presented  as a hyberbol ic  curve equat ion:  
where D i s  t h e  dosage i n  r e m ;  t i s  p o s t i r r a d i a t i o n  t i m e ,  i n  days. 

This  re- 
D t  = 5.103 (11, 

Analysis  of t h e  a v a i l a b l e  d a t a  revea led  t h a t  t h e r e  are common 
p a t t e r n s  i n  t h e  r eac t ions  of i r r a d i a t e d  animals t o  extreme a c c e l e r a t i o n s  
and repea ted  i r r a d i a t i o n .  There are per iods of reduced and increased  
s e n s i t i v i t y  of i r r a d i a t e d  animals t o  acce le ra t ions  and repea ted  i r r a d i a -  
t i o n .  The per iod  of increased  resistance t o  a c c e l e r a t i o n s  is  8-9 days a t  
doses of  250-500 r e m ,  according t o  our da ta .  The per iod  of increased  
r a d i o r e s i s t a n c e  (11-12 days) determined by t h e  repea ted  i r r a d i a t i o n  test  
corresponds t o  12-15 days ( I . G .  Akoyev, M.A. Lagun, 1964).  

Some authors  (S.N. Aleksandrov, K.F. Galkovskaya, 1963) observed 
increased  o r  normal r e s i s t a n c e  of mice t o  s t rychn ine ,  novoembichin , 
E h r l i c h ' s  tumors, even 50-65 days a f t e r  i r r a d i a t i o n .  This con t r ad ic t ed  
t h e  theory  of H. Blair  (1962) as t o  the presence of an i r r e v e r s i b l e  
component i n  r a d i a t i o n  l e s i o n s .  

Our d a t a ,  on t h e  con t r a ry ,  i n d i c a t e  t h a t  on t h e  45th p o s t i r r a d i a -  
t i o n  day t h e r e  is  reduced resistance t o  a c c e l e r a t i o n s ,  which i s  i n d i c a t i v e  
of t h e  presence of an i r r e v e r s i b l e  component i n  the r a d i a t i o n  l e s i o n  
d e t e c t a b l e  by this  test. 

L e t  u s  now t r y  t o  eva lua te  to l e rance  of i r r a d i a t e d  animals of 
repea ted  exposure t o  c r i t i c a l  acce le ra t ions .  This  i s  of i n t e r e s t  i n  
determining t o l e r a t e d  doses  by the m u l t i p l e  exposure test. 
doubt tb t  each new exposure alters t h e  animal 's  r e a c t i v i t y ,  t h e r e f o r e  i t  
is i n t e r e s t i n g  t o  l e a r n  how and i n  what d i r e c t i o n  the r e a c t i o n  changes i n  
response t o  repea ted  exposure t o  the same f a c t o r .  Thus exposure t o  
a c c e l e r a t i o n s  a t  a s p e c i f i c  i n t e r v a l  of t i m e  a f t e r  t h e  f i r s t  cen t r i fuga-  
t i o n  would be a test index of r e a c t i v i t y  of t h e  su rv iv ing  animals.  

There is no 

It may b e  assumed t h a t  t h e  r eac t ion  of i r r a d i a t e d  animals t o  re- 
pea ted  c e n t r i f u g a t i o n  is  a func t ion  of t h e  per iod  [ s t age ]  of r a d i a t i o n  
sickness. 

6 

I f  A i  and A i  r ep resen t s  p e r c e n t i l e  death i n  t h e  c o n t r o l ,  and A' and 
A'-- dea th  ra te  among i r r a d i a t e d  animals during f i r s t  and second cen t r i -  
fuga t ion ,  r e s p e c t i v e l y ,  then A' /Ai  = K, is t h e  index of t o l e rance  of t h e  
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* f i r s t  a c c e l e r a t i o n  and A1/A3 = Kl -- of exposure t o  t h e  second. With 6 
K d ,  the t o l e r a n c e  of i r r a 8 i a t e d  animals is  h ighe r ,  and wi th  K>1 i t  is  
lower. 

’ 

- 

The curves shown on Figure  2 f o r  doses of 250 and 500 r e m  r ep resen t  
q / K 2  a t  d i f f e r e n t  p o s t i r r a d i a t i o n  days and they w e r e  obtained from pro- 
cess ing  Figure  1. A s  shown i n  F igure  2 ,  on t h e  4th-7th p o s t i r r a d i a t i o n  
days,  Kl/K2 <1, i.e. t h e  i r r a d i a t e d  animals show lower to l e rance  upon 
repea ted  a c c e l e r a t i o n s  than  a t  the f i r s t  
tJie reyerse is t r u e :  increased  r e s i s t a n c e  of i r r a d i a t e d  animals t o  t h e  
second Cen t r i fuga t ion ,  as compared t o  the  f i r s t .  
Kl /K2 shows n e g l i g i b l e  d i f f e r e n c e  from 1, t h e r e f o r e  i t  may be  considered 
t h a t  a t  a dosage of 100 r e m  t h e  animals r e a c t  t o  t h e  second cent r i fuga-  

exposure. A t  a l l  o t h e r  i n t e r v a l s  

A t  a dosage of 100 r e m ,  

A 

e 

- 471 
6 8 fo /+ 14 ‘ I  *?  * 0 ’;. yd/ nt c #e oe>r/vcuu., f 

Figure 2.  Change i n  r e a c t i v i t y  of i r r a d i a t e d  mice t o  repeated 
c e n t r i f u g a t i o n  

Legend : 
a) days a f t e r  i r r a d i a t i o n ,  t 
KI = A1/A’, , K2 = A 2 / A i  
A’ -- death  of experimental  animals, %, 

A 2  -- death of experimental  animals, %, 

1 )  500 rem A) 350 rem A) 200 rem 0) 100 r e m  
2)  250 r e m  

A i  -- death of c o n t r o l  animals,  

A i  -- death of c o n t r o l  animals,  
%, wi th  f i r s t  cen t r i fuga t ion .  

%, with  second cen t r i fuga t ion  

14 
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I n  a d d i t i o n  w e  determined to l e rance  doses of i r r a d i a t i o n  f o r  ani-  6 
m a l s  w i t h  two-fold cen t r i fuga t ion .  

pe rmis s ib l e  i r r a d i a t i o n  dosage w i t h  twofold c e n t r i f u g a t i o n  i s  somewhat 
smaller than  w i t h  s i n g l e  exposure t o  acce le ra t ions .  A t  t35 t h e  d a t a  on 
t o l e r a n c e  of i r r a d i a t e d  animals f o r  repeated a c c e l e r a t i o n s  can b e  appro- 
ximately descr ibed  by an exponent ia l  func t ion :  D = D o l d t ,  where D i s  
t h e  dose i n  r e m ;  D o  i s  t h e  i n i t i a l  dose, r ;  t is t h e  t i m e  a f t e r  i r r a d i a t i o n  
i n  days; e is  t h e  base  of t h e  n a t u r a l  logari thm, d i s  t h e  c o e f f i c i e n t .  
Process ing  by t h e  method of least squares  r e s u l t e d  i n  t h e  r eg res s ion  equa- 
t i o n :  1gD = 2.993 - 0.065-t . lg  e ;  (t 3 5) (2) .  

The r e s u l t s  ob ta ined  are  shown i n  t h e  
form of t r i a n g u l a r  symbols on F igu re  1. A s  w e  see i n  this f i g u r e ,  t h e  7 

L e t  us  t r y  t o  e x t r a p o l a t e  t h e  experimental  d a t a  obtained t o  man. 

Previous ly  ( B . I .  Davydov, V.V. Antipov, P.P. Saksonov, 1965) on 
t h e  b a s i s  of comparison of curves of mouse r e a c t i o n s  t o  t o l e r a n c e  f o r  
a c c e l e r a t i o n s  and dynamics of drop i n  p o s t i r r a t i o n  leukocyte  drop wi th  
a dosage of LD,, 
per iod  of ha l f - r e s to ra t ion  of normal r e a c t i o n  t o  a c c e l e r a t i o n s .  

i n  man and animals, an e f f o r t  w a s  made t o  eva lua te  the 

The per iods  of h a l f - r e s t o r a t i o n  of r a d i o r e s i s t a n c e ,  es t imated by 
the method of repea ted  i r r a d i a t i o n  and t o l e r a n c e  of extreme a c c e l e r a t i o n s  
f o r  m i c e ,  d i f f e r  l i t t l e  from one another  and f o r  a dosage of about LD,, 
c o n s t i t u t e  about f i v e  days i n  both cases ( B . I .  Davydov, V.V. Antipov, 
P.P. Saksonov, 1965). For man, t h e  per iod of h a l f - r e s t o r a t i o n  w a s  est i-  
mated a t  25-35 days,  
(G.O. Devidson, 1960),  ob ta ined  by another method. 

which is  cons i s t en t  w i th  t h e  d a t a  of au thor  au thors  

However, i t  must b e  noted t h a t  only t h e  ha l f -per iod  of low sens i -  
t i v i t y  of i r r a d i a t e d  animals t o  extreme a c c e l e r a t i o n  coincides  wi th  t h e  
pe r iod  of half-recovery as estimated by t h e  repea ted  i r r a d i a t i o n  test .  

Before p l o t t i n g  t h e  curve of man's t o l e r a n c e  f o r  extreme acce lera-  
t i o n s  a t  d i f f e r e n t  i r r a d i a t i o n  doses,  an e f f o r t  should be  made t o  choose 
t h e  appropr i a t e  c r i t e r i a  t o  o b t a i n  ex t r apo la t ion  c o e f f i c i e n t s .  One of 
t h e  c r i t e r i a  t h a t  may be  used t o  obta in  an e x t r a p o l a t i o n  c o e f f i c i e n t  may 
b e  t h e  d i f f e r e n c e  i n  r a d i o s e n s i t i v i t y  of animals and man. 
of d a t a  on LD,, t h e  mouse/man c o e f f i c i e n t  of r a d i o s e n s i t i v i t y  
accoridng t o  morf!a!zf$ w a s  found t o  average 1.35 f o r  m o r t a l i t y  p r o b a b i l i t y  
levels of 0.1 -- 95%. 

On t h e  b a s i s  

I n  our  preceding s t u d i e s  (B.I. Davydov, V.V. Antipov, P.P. Saksonov, 
1965) i t  w a s  e s t a b l i s h e d  t h a t  t h e  curve of t o l e r a n c e  f o r  a c c e l e r a t i o n s  i n  
i r r a d i a t e d  m i c e  c o r r e l a t e s  wi th  the  mean l i f e  span (MLS) of i r r a d i a t e d  
m i c e .  It could be be l ieved  t h a t  t h i s  c o r r e l a t i o n  remains v a l i d  f o r  man. 
Indeed,  t h e  per iod  of normal (or  low)  s e n s i t i v i t y  of  t h e  i r r a d i a t e d  organ- 
i s m  t o  a c c e l e r a t i o n s  cannot exceed t h e  MLS. 

8 

I n  view of t h e  d i f f e r e n c e s  i n  MLS fol lowing i r r a d i a t i o n  i n  man and 
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mice, c o e f f i c i e n t s  of e x t r a p o l a t i o n  frananimals t o  man w e r e  ob ta ined  f o r  8 
doses of 300-2000 rem. For doses of 300-600, 700-900 and 1000-2000 r e m  
t h e s e  c o e f f i c i e n t s  c o n s t i t u t e d  1.77(1.72 - 1.88), 2.00 (1.95 - 2.05), 
and 2.50, r e spec t ive ly .  Taking t h i s  c o e f i f i c e n t  i n t o  cons ide ra t ion  a t  
300-2000 r e m  equat ion 1 w i l l  have t h e  appearance of D t  = 5*103C, where 
‘ 3 0  0-6 0 0 r e m  = 1.77; C , o Q - 9 a o  krem = 2.50, and w i t h  
cons ide ra t ion  of a c o e f f i c i e n t  of  r a d i o s e n s i t i v i t y  = 1.35 w e  w i l l  have 
D t  = 3.7010~ * C ;  (200 r e m  < D & 700 rem. 

rem = 2.00; 

(3). 

For doses under 200 r e m ,  when the p r o b a b i l i t y  of dea th  is  only 1-3%, 
according t o  t h e  d a t a  of Langham et  a1 (W. Langham, Ph. Brooks, D. Grahn 
et a l ,  1965) ,  
e x t r a p o l a t i o n  obta ined  on t h e  b a s i s  of MLS of animals t h a t  d ied .  

i t  is  apparent ly  purposeless  t o  use  t h e  c o e f f i c i e n t  of  

In our  opin ion ,  a t  doses under 200 r e m  i t  is  more purposefu l  t o  
use  t h e  c r i t e r i o n  of d i f f e r e n c e  i n  r a t e  of recovery processes .  It is 
known t h a t  t h e  rate of recovery processes i n  t h e  presence of r a d i a t i o n  
l e s i o n s  c o r r e l a t e s  wi th  t h e  ra te  of metabolic processes  and, consequently 
wi th  t h e  animal spec ie s .  

According t o  t h e  d a t a  of a number of au tho r s ,  t h e  pe r iods  of h a l f -  
recovery of r a d i o s e n s i t i v i t y  i n  man and mice c o n s t i t u t e  25-35 and about 5 
days,  r e spec t ive ly .  Devidson (1957) determined t h e  mean half-recovery 
t i m e  f o r  man a t  about 28 days; according t o  t h e  c r i t e r i o n  of t o l e r a n c e  
of extreme a c c e l e r a t i o n s  3ur  d a t a  show i t  t o  c o n s t i t u t e  about 26 days 
(B.I. Davydov, V.V. Antipov, P.P. Saksonov, 1965).  The r a t i o  of man/ 
mouse h a l f - r e s t o r a t i o n  per iod  w i l l  be  6.5-5.2. 

A s  seen  i n  Figure 1, 45 days a f te r  i r r a d i a t i o n ,  wi th  a dosage of 
100 r e m ,  t o l e rance  of a c c e l e r a t i o n s  w i l l  be  t h e  same as i n  t h e  con t ro l .  
This pe r iod  is g r e a t e r  than  t h e  period of t o t a l  recovery from r a d i a t i o n  
l e s i o n s  i n  t h e  mouse. 
r e v e r s i b l e  component of r a d i a t i o n  l e s i o n  is es t imated  a t  200 days. Con- 
sequen t ly ,  i n  t h i s  case t h e  r a t i o  of man/mouse per iods  of t o t a l  recovery 
w i l l  be  about 4.4. Coe f f i c i en t s  obtained by d i f f e r e n t  means are r a t h e r  
c lose .  The mean c o e f f i c i e n t  w i l l  be about 5. For a dosage of 200r,  
equat ion  3 w i l l  have t h e  fol lowing appearance: D t  = 1.85*104; (D ,< 200 r ) .  
I n  equat ion  2,  which desc r ibes  t h e  r eac t ion  of t h e  i r r a d i a t e d  animal 
t o  repea ted  c e n t r i f u g a t i o n ,  one must a l s o  i n t e r p o l a t e  t h e  corresponding 
e x t r a p o l a t i o n  c o e f f i c i e n t s  i n  o r d e r  to  o b t a i n  t h e  t o l e r a n c e  curve f o r  
i r r a d i a t e d  man f o r  a second exposure t o  a c c e l e r a t i o n s .  

I n  man t h e  per iod of t o t a l  recovery from t h e  

9 

10 

Figure 3 p re sen t s  s e v e r a l  curves obtained by e x t r a p o l a t i o n  of 
experimental  d a t a  t o  man (B.I. Davydov, V.V. Antipov, P.P. Saksonov, 1967). 
Curve 3 on t h i s  f i g u r e  gives an i d e a  about normal human t o l e r a n c e  of 
a c c e l e r a t i o n s  a f t e r  exposure t o  i r r a d i a t i o n  i n  doses of 200-700 r e m ,  and 
curve 4 -- a t  a dosage of 200 r e m .  However t h e  t i m e  of t h e  primary reac- 
t i o n  must be taken i n t o  cons idera t ion .  Thus, according t o  t h e  l i t e r a t u r e  
summarized i n  t h e  work of Yu.G. Grigor’yev et a1 (1965), a marked primary 
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r e a c t i o n  a t  doses up t o  400 rem p e r s i s t s  up t o  t h r e e  days.  The proba- 
b i l i t y  of appearance of primary r eac t ion  is r e l a t e d  t o  i r r a d i a t i o n  dosage. 
Curve 'tc" on Figure 3,  obtained from the d a t a  of W.C. Brown (1953, 1953a, 
1955),  H. Gers tner  (1960), J. Morton (1957), L. Miller, G. F l e t c h e r ,  H. 
Gerstner  (19581, J .  Burwell, H. Wolfson, C. Perryman, F. Foldes (1961), 
and curve "b" according t o  Yu.G. Grigor'yev et  a1 (1965) g ives  an i d e a  
about this r e l a t i o n s h i p .  These curyes d i f f e r  from one another .  This 
k apparent ly  r e l a t e d  t o  t h e  f a c t  that t h e  former d a t a  w e r e  obtained 
e s s e n t i a l l y  on humans i r r a d i a t e d  as t h e  r e s u l t  of acc iden t s ,  whi le  t h e  
l a t t e r  w e r e  ob ta ined  i n  cases of  t he rapeu t i c  i r r a d i a t i o n  of s i c k  ind iv i -  
dua l s ,  

I 
! 

10 

Figure 3. Theore t i ca l  dose-time r e l a t i o n  of c r i t i c a l  accelera- 14  
t i o n  to l e rance  of i r r a d i a t e d  humans 

Legend : 
1 )  mean l i f e  span (MZS) of ind iv idua ls  who died a f t e r  i r r a d i a t i o n  
2) ex t r apo la t ed  curve of human to le rance  of a c c e l e r a t i o n s  (ex t ra -  

p o l a t i o n  c o e f f i c i e n t  by MLS) 
3) t h e  same as curve 2 w i t h  cons idera t ion  of r a d i o s e n s i t i v i t y  c o e f f i c i e n t  
4) a c c e l e r a t i o n  to l e rance  curve ( s ing le  exposure) f o r  man a t  doses 

under 200 r e m  
5) t h e  same as 4 (twofold exposure) 
a) maximum per iod  of primary r eac t ion  
b)  p r o b a b i l i t y  of primary reac t ion  (Pn %) according t o  Yu.G. Grigor 'yev 

c) t h e  same as "b" ( a t  300 rem, P = 99.9%) according t o  Kurt Braun 
e t  a1 (1965) 

(1953, 1955) , Gerstner  (1960) nand o the r s .  
Po) p r o b a b i l i t y  of dea th  i n  man d)  dosage, r e m  e) days a f t e r  i r r a d i a t i o n  

15 
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. As seen in 
t o  the time that 

F igure  3, the i r r a d i a t i o n  dosage is f u n c t i o n a l l y  r e l a t e d  10  
has e lapsed a f t e r  i r r a d i a t i o n .  I n  o rde r  t o  determine 

the i r r a d i a t i o n  dosage a t  which acce le ra t ion  t o l e r a n c e  w i l l  b e  normal, 
it i s  necessary  t o  determine the t ime that could b e  taken as t h e  f i n a l  
po in t  on the a b s c i s s a  on F igure  3, ConsequentLy i t  i s  necessary  t o  
choose cr i ter ia  t h a t  would determine t h i s  p o i n t ,  A s  
on t h e  absc i s sa  of Figure 3,  w i t h  some allowances,  we can t a k e  t h e  inter- 
val  equa l ,  i n  t h e  f i r s t  p lace ,  t o  the f irst  h a l f  of the pe r iod  of t o t a l  
p o s t r a d i a t i o n  recovery dur ing  which the re  is compensation of 90% of t h e  
r e v e r s i b l e  component of t h e  r a d i a t i o n  i n j u r y ,  and i n  t h e  second p lace ,  
t o  t h e  pe r iod  of t o t a l  recovery.  The per iod  of t o t a l  recovery from radia-  
t i o n  i n j u r y  est imated by recovery of r a d i o s e n s i t i v i t y  c o n s t i t u t e s  200 days. 

t h e  u l t i m a t e  p o i n t  

On curve 4 (Figure 3) t h e  minimum pe rmis s ib l e  i r r a d i a t i o n  dosage 
t h a t  w i l l  n o t  e l i c i t  changes i n  r e a c t i v i t y  of t h e  organism t o  accelera- 
t i o n  (one exposure) f o r  200 days w i l l  c o n s t i t u t e  about 90 r e m .  For 
t h e  second c e n t r i f u g a t i o n  t h i s  dosage w i l l  b e  about 50 r e m  (curve 5). 

Consequently, on t h e  b a s i s  of  our da t a ,  which were obtained by 
a t  doses of 50-90 r e m  human e x t r a p o l a t i o n ,  i t  may be  considered t h a t  

t o l e r a n c e  of acce le ra t ions  a f t e r  exposure t o  such doses w i l l  apparent ly  
no t  d i f f e r  appreciably from t h a t  of heal thy i n d i v i d u a l s  f o r  a per iod  of 
200 days a f t e r  i r r a d i a t i o n .  

As w a s  a l ready  s t a t e d  i n  t h e  beginning of t h i s  r e p o r t ,  t h e  problem 
of s u b s t a n t i a t i o n  of pe rmis s ib l e  doses of i on iz ing  r a d i a t i o n  f o r  t h e  
crew of f l y i n g  machines w a s  r a i s e d  in  a series of works (G.M. Frank, P.P. 
Saksonov, V.V. Antipov, N.N. Dobrov, 1962; V.V. Antipov, N.N. Dobrov, 
P.P. Saksonov, 1964; Yu.G. Grigor 'yev, Y e . Y e .  Kovalev, A . V .  Lebedinskiy,  
Yu.G. Nefedov, 1965; Yu.G. Grigor 'yev, A.K. Gus'kova, M.P. Domshlak, 
V.G. Vysotskiy e t  a l ,  1965).  However i n  most cases t h e  c r i t e r i a  used 
by t h e  au thors  t o  estimate t h e  permiss ib le  doses were inadequate  f a c t o r s  
of space  f l i g h t .  

For t h i s  reason i t  seemed of i n t e r e s t  t o  t r y  t o  develop some o t h e r  
methods of es t imat ing  pe rmis s ib l e  doses,  more s p e c i f i c  f o r  space  f l i g h t  
cond i t ions .  A t  t h e  f i r s t  s t a g e ,  as one of t h e  p o s s i b l e  cr i ter ia  w e  
s e l e c t e d  a c c e l e r a t i o n  which is one of t h e  important f a c t o r s  of space 
f l i g h t  (V.V. Pa r in ,  P.V. Vas i l 'yev ,  V.Ye.  Beley, 1965). 

' 

As seen from the  material presented,  e s t ima t ion  of pe rmis s ib l e  doses  
is made only on t h e  b a s i s  of q u a n t i t a t i v e  ind ices .  However t h i s  i s  
obviously n o t  s u f f i c i e n t ,  and f o r  deeper a n a l y s i s  
t o  use  some phys io log ica l ,  biochemical and o t h e r  tests. 

i t  i s  ev iden t ly  necessary  

11 

12 

Using q u a n t i t a t i v e  d i f f e rences  between r ad iob io log ica l  p a t t e r n s  i n  
mice and man a l s o  t r i e d  t o  ex t r apo la t e  t h e  experimental  d a t a  t o  man, 
whi le  recognizing the  a r b i t r a r i n e s s  of such a method. However, it must be  
noted t h a t  t h e r e  is  a s i m i l a r i t y  between some q u a l i t a t i v e  r a d i o b i o l o g i c a l  
s h i f t s  i n  mice and man. Thus, Mate (1962) i n d i c a t e s  t h a t  t h e  decrease  

- 9 -  



NASA TT-11$39 7 

i n  number of d i f f e r e n t  blood cel ls  i n  man occurs  i n  the same chronolo- 
g i c a l  o rde r  as i n  mice: f i r s t  the lymphocytes, then r e t i c u l o c y t e s ,  
granulocytes  and, f i n a l l y  , thrombocytes. A s  s t r e s s e d  by P .P. Saksonov 
(1959) A.S. Mozzhukhin, 'F. Yu. Rachinskiy (19642, comparison of the 
c l i n i c a l  f i nd ings  i n  a c u t e  r a d i a t i o n  s i ckness  i n  man and h ighe r  animals 
reveals that t h e r e  are only q u a n t i t a t i v e  d i f f e r e n c e s  i n  the manifesta-  
t i o n  of d i f f e r e n t  symptoms as w e l l  as i n  t h e  t i m e  of t h e i r  development 
a f t e r  i r r a d i a t i o n .  

1 2  

Thus, t h e  d a t a  submit ted i n  t h i s  r e p o r t  should be i n t e r p r e t e d  as t h e  
f i r s t  a t tempt  t o  approach s u b s t a n t i a t i o n  of permiss ib le  i r r a d i a t i o n  levels 
f o r  cosmonauts from new pos i t i ons .  
e s t ima t ion  of e x t r a p o l a t i o n  c o e f f i c i e n t s  given i n  t h i s  r e p o r t  w i l l  b e  
obta ined  under a c t u a l  f l i g h t  condi t ions ,  howeyer, t o  d e f i n e  them, even now 13 
it  would be  purposefu l  t o  conduct a series of experiments on o t h e r  animal 
spec ie s .  

It is  q u i t e  obvious t h a t  t h e  f i n a l  

For t h e  purpose of ob ta in ing  f u r t h e r  d a t a ,  t o  de f ine  t h e  e x i s t i n g  
pe rmis s ib l e  levels of i r r a d i a t i o n  f o r  cosmonauts and s u b s t a n t i a t e  new 
levels,  of g r e a t  promise are s t u d i e s  i n  which o t h e r  extreme f l i g h t  f a c t o r s  
w i l l  b e  used as eva lua t ion  c r i t e r i a .  
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